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CHAPTER 3 
 
 
METHODOLOGY 
3.1 INTRODUCTION 
 This chapter illustrates the experimental procedure, preparation of the 
biosorbent and synthetic water. Also encloses the application of Moringa oleifera 
leaves on Cd (II) and other heavy metals Pb (II), Cu (II) and Fe (III). The analytical 
techniques used in this study were the Atomic Absorption Spectroscopy (AAS), 
Flocculator (Jar test), Fourier Transform Infrared Spectroscopy (FTIR), and Scanning 
Electron Microscopy (SEM) and Brunauer-Emmett-Teller (BET) surface area 
analyser. 
 
3.2 ANALYTICAL TECHNIQUES 
3.2.1 Atomic absorption spectrometry (AAS) 
It is an analytical technique that measures the concentrations of elements. In 
this study (AAS, Perkin Elmer 400) was used to analyse Cd (II), Pb (II), Fe (III) and 
Cu (II) in synthetic water before and after absorption by Moringa oleifera leaves. The 
heavy metals were measured at wavelength of 228.8, 248.3, 283.31and 324.8 for Cd 
(II), Fe (III), Pb (II) and Cu (II), respectively. 
3.2.2 Fourier Transform Infrared Spectroscopy (FTIR) 
It is an effective analytical instrument for detecting functional groups and 
characterizing covalent bonding information. FTIR has been used in this study to 
identify the different functional groups present in the Moringa oleifera leaves before 
and after removing Cd (II). FTIR analysis is also used to determine the functional 
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groups that are responsible for the Cd (II) binding with Moringa oleifera leaves. The 
analysis was carried out using KBr pellet and the spectral range varying from 4000 to 
400 cm-1. Furthermore, another type of FTIR has been used in this study called two-
dimensional infrared (2D IR) spectroscopy. It is an exciting technique with many 
advantages over standard linear infrared spectroscopies like infrared absorption 
spectroscopy and FTIR spectroscopy. In 2D IR, infrared spectra are spread into a 
second dimension, providing information on vibrational couplings and separating the 
effects of homogeneous and inhomogeneous dynamics. This provides a powerful tool 
for studying molecular structures, environmental dynamics, and structural kinetics. 
3.2.3 Flocculator (Jar Test) 
This is a general laboratory procedure that simulates water treatment plants, by 
coagulation-flocculation process (Kawamura, 1991). The coagulation-flocculation test 
is carried out to determine the chemical, dosages, mix speed and settling time to 
estimate the conditions required to achieve optimum results. This jar test permits the 
evaluation of various coagulants and coagulant aids used in the treatment of water and 
wastewater for the same water and the same experimental conditions. The effects of 
concentration of the coagulants and coagulant aids and their order of addition can also 
be evaluated by this practice. Figure 3.1, shows the jar test apparatus. 
 
 
 
Figure 3.1:  Sample running in the Jar test 
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3.2.4 Brunauer-Emmett-Teller (BET) Surface Area Analysis  
Surface Area Analysis/ BET offer precise specific surface area assessment of 
materials by nitrogen multilayer adsorption measured as a function of relative pressure 
using a fully automated analyser. The method includes external area and pore area 
evaluations to determine the total specific surface area in m2/g yielding significant 
information in studying the effects of surface absorbency and particle size in many 
purposes. 
To analyse the surface area, solid samples are pre-treated by applying some 
combination of heat, vacuum, and /or flowing gas to remove adsorbed contaminants 
acquired (typically water and carbon-dioxide) from atmospheric exposure. The solid is 
then cooled, under vacuum, usually to cryogenic temperature (77K= -196.15 C). An 
adsorptive (typically nitrogen) is dosed to the solid in controlled increments. After 
each dose of adsorptive, the pressure is allowed to equilibrate and the quantity 
adsorbed is calculated. The quantity adsorbed at each pressure (and temperature) 
defines an adsorption isotherm, from which the quantity of gas required to form a 
monolayer over the external surface of the solid is determined. With the area covered 
by each adsorbed gas molecule known, the surface area can be calculated (Brunauer et 
al., 1938). 
3.2.5 Scanning Electron Microscope 
Scanning electron microscope (SEM) is a type of electron microscope that 
produces images of a sample by scanning it with a focused beam of electrons. The 
electrons interact with atoms in the coated sample, producing various signals that can 
be detected and that contain information about the sample's surface structure and 
composition (Jaishankar et al., 2014). SEM is used for the high magnification of most 
biomaterials. (ZEISS Evo50 Germany) SEM was used in this study for Moringa 
oleifera leaves structure analysis. 
